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Viruses expressing ligands on their surfaces are used as a detection means for the related polypeptide which binds the ligand. Multiple 
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Methods of Detection UtUidng Modified Bacteriophage 



BACKGROUND OF THE INVENTION 



Field of the Invention 



The present invention provides improved assays for detection of proteins 
utilizing wus expresang a ligand for the protein. Such assays can be used in areas 
10 wherein traditional immunoassays have previously been utilized. 
Background Art 

Conventional immunoassays rely on the high afiBnity specific interaction between 
immunoglobuHn and its corresponding epitope. Generally, a variable region of 

1 5 immunoglobulin forms a bindmg pocket that recognizes either conformation or primary 
sequence of a given epitope. Because the epitope can be a very small and Qnear region 
of a protein, it is common to find that an inmiunoglobuUn recognizes a protein in either 
native or denatured conformation by binding to a small embedded peptide. Therefore 
detection agents that can recognize native conformations of peptides, such as receptors, 

20 channels, other surface proteins, and extracellular proteins, would be highly useful. 

Use of random peptide phage libraries to isolate lead compounds for target 
proteins has yieUed a variety of peptides that recogiuze specific target proteins with 
interesting biological activities. Such strategy has provided interesting binding peptides 

25 which recognize important proteins includmg antibodies (Smith, 1985; Cwiria ct al., 
1990; Scott and Smith, 1990; Kay et al., 1993). streptavidin (Devim et al., 1990), 
calmodulm (Dedman et al.. 1993), SHJ domain (Sparks ct al.. 1994), and endoplasmic 
reticulum protem BiP (BIond-Hguindi et al., 1993). Some of tiiese peptides have yielded 
important uisights into the structure-function of the target protein. For example, 

30 analysis of peptides that bind to BiP have shown tiiat BiP preferentially binds peptides 
containing a subset of aromatic and hydrophobic amino acids in alternating positions. 
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suggesting that pqitides bind in an extended conformation, with the side chains of 
alternating residues pointing into a cleft on the BiP molecule (Biond-Elguindi et al., 
1993). 

S N-methyl D-aspaitate receptor (NMDAR) channels, found in brain, belong to the 

superfamily of ligand-gated ion channels, which become selectively permeable to ions 
upon binding to ligands. The glutamate-mediated channel activity is important for 
synaptic plasticity, syn^itogenesis, and exdtotojdctty. NMDA receptors are encoded by 
at least five genes (NRI» 2A, 2B, 2Q and 2D) and their spliced variants \ NRl is an 

10 essential subunit for mediating glutamate-induced channel activity, since a 

homomultimeric MR I complex, when expressed in Xenopus oocytes, exhibits some of 
key properties found in native channels. These properties include direct permeability of 
calchim, voltage dependent Mg** blockade of the ion channel, and binding sites for 
modulators such as 2^, glycine, and polyamines. The other subunits by themselves 

IS cannot form a functional channel. However, they coassemble with NRl to form 
heteromultimers which increase the expression level and channel diversity. The NRl 
polypeptide can be divided into two regions: an extracellular amino-terminal domain 
containing the putative agonist binding site, and a hydrophobic core region with multiple 
transmembrane segments which participate the formation of the ion conducting patfaivay. 

20 Although several dasses of compounds have been found to modulate the NMDA 
receptor, at the molecular level little is known in terms of amino add residues that are 
responsible for the interaction. To better understand the physiological roles of NMDA 
receptors with different subunit composition or to detea NMDA receptors in samples, it 
would be helpful to develop specific ligands that are capable of distinguishing different 

25 subunits. 

Exdtotoxic mechanisms have a wdl established role in the pathogenesis of 
neuronal injury following acute CNS insults such as ischaemia and trauma. Increasing 
evidence now supports their roles in chronic neurodegenerative disorders such as motor 
30 neuron diseases (MND). Although the molecular mechanisms underlying exdtotoxic 
neuronal injuiy are still being duddated, a htfge body of evidence indicates that the 
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cascade of events resulting from elevation of intracellular free calcium is likely to play a 
major role, which is thought to be mediated by NMDA receptor and voltage-gated 
calchmi chamiels. NMDA receptor has several very important properties of relevance to 
excitotoxicity, paiticulariy, the ability to permeate caldum ions. Thus, understanding of 
S NMDA receptor properties at the molecular level and development of reagents that 
specifically modulate these receptors can be of importance for understanding 
exdtotoxicity resuhed diseases and providing potential leads which could facilitate 
fUmre treatments. By further improving the a£Bnity and stability of NMDA receptor- 
spedfic ligands, their potential neuronal protective activity can be improved. 

10 

The present invention provides new procedures which tise bacterial virus 
(inchiding bacteriophage) as a detective reagent, in a way comparable to primary 
antibody in immunoassays, to monitor the expression of receptor and channels in 
mammalian cells. Conversely, the phage binding described herein requires the 

1 5 corresponding receptor in proper conformation to present the binding pocket for the 
peptide to bind. Because the conformation of receptor binding pocket is critical for the 
peptide binding, peptide-receptor target interaction per se can have higher sped&dty 
than that of some antibocfy-receptor interaction. In search of novel peptides that 
modulate receptor activity, phage clones with specific interacting peptides from random 

20 peptide libraries have been isolated by panning selectioci, wtuch is often based on the 
multivalem interaction between the phage particle and target receptor. These assays 
provide an improved wi^ to detect protein expression and to study peptide-receptor 
interaction at the molecular level. 



25 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1. Isolation ofMag-4 peptides that speciiicaUyassodate with N-NRl. (A) 
Amino add sequence alignment. Two phage dones, Mag-4. 1 and Mag-4.2, spedfically 
5 assodation with N-NRl were isolated by panning selection (see Experimental 

Protocols). The amino add sequence was deduced and aligned. (B) Binding spedfictty 
of Mag-4. 1 peptides to the NH2-tenninal domain of glutamate receptor. Phage ELISA 
experiments were carried out using N-NRl, N-NRl .spl, and N-GluRl . Experimental 
procedures were described in Experimental Protocols. The dash bars indicate wells 

1 0 coated with bovine senim albumin (BSA) only; white bars: BSA plus mAb8610; black 
bars: BSA, mAb86I0 plus the captured fiision proteins for N-NRl, N-NRl .spl, or 
H<iluRl (as indicated). Experiments were carried out in triplicate. Error bars indicate 
the SD (C) Inhibition of Mag-4. 1 phage binding by synthetic Mag-4. 1 peptide. The 
ability of synthetic HPLC*purified Mag-4. 1 peptide (GGGLNDWFITYIGGG) (SEQ ID 

1 5 NO:4) to compete with the Mag-4. 1 phage binding to N-NRl fiision protein was 

determined by phage EUS A The vertical axis indicates the rdative binding comparing 
to the signal obtained without adding the peptide inhibitors. The horizontal axis 
indicates concentration of the peptides added in mM (as indicated). 

20 Figure 2. Specific detection of N-NRl protein by phage-overiay. Crude extracts 
containing fiision proteins of N-NRl and N-NR2A at 1 :S ratio were firactionated on 
SDS-PAGE and transferred onto a nitrocelhilose filter. The inunobilized protdns were 
subjeaed to a denaturation^renaturation procedures (see Experimental Protocol). The 
renatured protein were detected by other monoclonal antibody 8610 (mAb8610) (left 

25 pand) or Mag-4. 1 phage (right panel). Lanes 1, 2, 3 and 4 contain decreasing amounts 
of N-NRl fijsion protdn (100 ng, 20 ng, 4 ng, and 0.8 ng). 

Figure 3. Phage-immunostaui detection of N-NRl protein on cell surfiice. Two CHO 
cdl lines expressing low (^10^ copies per cell) and high (-10^ copies per cells) of 
30 N-NRl fiision protein were mbced by 1 : 1 ratio and allowed to grow on gdatin-coated 
cover glass. The mixed cells were incubated with Mag^. 1 phage in the presence (A) or 
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absence (B) of SOO mM of synthetic Mag-4. 1 peptide. The Mag-4. 1 phage bindmg was 
detected by rabbh-anti^phage antibody (see Experimental Protocol). 



Figure 4. Double stain of N-NRl protein by niAb8610 and Mag-4. 1 phage. N-NRl 
S positive and N-NRl negative cells were mixed at ratio 1 : 1 and allowed to grow on 
gelatin-coated cover glass. The live cells were first incubated with Mag-4. 1 phage. 
After fixation, the cells were incubated with mAb8610 (mouse) specific to the epitope 
on fusion protein and anti-phage antibody (rabbit). The antibody binding was then 
detected by goat-anti-mouse (Texas-red) and goat-anti-rabbit (fluorescein, green). A 
10 same area of cells were visualized by (A) Nomaski, (B) mAb86I0; and (C) Mag-4. 1 . 



Figure 5. Detection of the N-NRl protein by FACS. CHO cells were stained with 
Mag-4. 1 phage followed by rabbit anti-phage antibody and fluorescein-labeled 
secondary amibo<ty (see Figure 4 legend and Experimental Protocol). Vertical axis is 
1 5 relative cell number, horizontal axis is relative intensity of green fluorescence. (A) CHO 
cells ; (B) CHO cells expressing low level of N-NRl protein; (C) same as B, but stained 
in the presence ofSOOmM of Mag-4. 1 peptide; (D) a 1:1 mfacture of CHO cdls 
expressing high and low levels of N-NRl protein; (E) same as D, but in the presence 
SOO mM of Mag-4. 1 peptide. 

20 

Figure 6. Detection of fimctional NMDA receptor by Mag-4. 1 phage. HEK cells were 
cotransfccted with plasmids expressing NRl and NR2A cDNAs to form functional 
NMDA receptor channels (U et al.. 199dX At 48 hours after transfection. the cells were 
subjected to phage-immunostain using Mag-4. 1 . The phage binding was visualized by 
25 HPR-cojugatcd antibody (see Experimental Protocol). Same area of stained cells was 
shown in low magnification (top panel) or high magnification (lower panel). 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a method of detecting the presence of a 
polypeptide in a sample comprising contacting with the sample a detectable virus 
expressing on its sur&ce a ligand for the polypeptide and detecting binding of the virus 
to the sample, thus detecting the presence of the polypeptide in the sample. 

By "sample" is meant a sample wherein the selected polypeptide in the sample is 
not an isolated polypeptide, some examples of such a sample including a protdn 
homogenate from a cell, tissue or animal; cells; tissue section; biological or clinical 
sample such as blood, urine, saliva; any other sample to be tested for presence of 
contaminants comprising proteuis (e.g., water sample, food sample). For example^ the 
presence of a microbe can be detected in a food, water or clinical sample be detecting 
the presence of a protein, intracdlular, surfice or extracellular, that is a component of 
the microbe in the sample. 

As used in the specification and in the claims, "a" can mean one or more, 
depending upon the context in which it is used. 

The terms "polypeptide" and "peptide" refer to a polymer of amino acids and 
includes fuU-length proteins and fragments thereof 

By "selected" polypq>tide is meant that the target protein one is directing the 
phage or virus to bind is known. For example, a selected target can be the NMDA 
receptor, and therefore a ligand that can be used to detect the presence of the receptor in 
a sample can be, e.g.^ Mag-4. 1 or Mag-4.2, which are shown herdn to be ligands for 
NMDA receptor. Thus a selected polypeptide is predetermined prior to detecting the 
presence of the polypeptide by detecting bindmg of the phage or virus expressing the 
ligand to the polypeptide. 
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The vims utilized in the method can be a baaeriopbage. For example the 
bacteriophage can be bacteriophage fl, M13, and other bacteriophages known in the art 
Viruses can include any other desired virus, as wilt be recognized by those of skill in the 
art, such as adenovirus, etc. The phage or virus can be modified in any of various ways 
S known in the art, such as to be rendered replication-deficient or to eliminate other viral 
genes, and methods of such modifications are standard in the art. The virus is modified 
to repress the ligand on the surface of the vims, as by engineering the vims genome to 
encode a fiiston protein for a coat protein and the ligand. For example, in 
bacteriophage, the ligand can be encoded by pin or pVm protein. Making 
10 bacteriophage that express peptides on their surface is standard m the art (described in 
e.g., US Pat No. S427908; US Pat No. 5403484; US Pat No. S432018; US Pat No. 
5432018; US Pat No. 5270170; WO 92/06176; Smith et al. (1993); Kolvunen, E. et al., 
J. CellBioL 124:373 (1994); Kolvunen, E. ci al., MetfL EmymoL 245:346 (1994); 
Pasqualini, R. et al. 7. CellBioL 130: 1 189 (1995)). 

15 

The present mvention includes that the protein can be a ceDuIar proteia 
Cellular proteins can include intracellular proteins, extracellular proteins, and/or surfiice 
proteins. Ceflular protdns as used in these methods can also include viral proteins 
expressed by a cell that has been infected by a virus. 

20 

The sample in ^ch the presence of the polypeptide is detected can be a clinical 
sample. Clinical sanq>les can include ai^ relevant sample fiom the body, such as excised 
tissue, blood, plasma, urine and saliva, and protein extracts from any such sample. 
Other samples can include cultured cells, proteins secreted by cells, and the like. 

25 

Specific binding between an receptor or channel and a ligand means that the 
ligand can be used to selectively remove the receptor or channel fi-om a sample or to 
inhibit the receptor or channel's fimction and can readily be determined by radio immune 
amy (RA), bioassay, or enzyme-linked immunosorbant (ELISA) technology usmg an 
30 antibody, preferably monoclonal, specific for the ligand. 
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The present invention piDvides a method of detecting the presence of a selected 
polypeptide in a sample comprising contacting with the sample a detectable vims, 
including a bacteriophage^ expressing on its surface a iigand previously demonstrated to 
specifically bind the selected polypq)tide and detecting binding of the virus to the 
S sample, thus detecting the presence of the selected polypeptide in the sample. 



A ligand can be previously determined to specifically bind the selected protein by 
any known, standard means for determining such binding or» for example, as described 
herrin. A ligand can include, for example, a peptide hormone, a toxin, a fiagment fi-om 
10 a large protein. 



A detectable virus or phage is one that can be detected by any of many possible 
means. For example, the phage or virus can be detected by a polyclonal or monoclonal 
antibody directed against the virus by the antibody itself being labeled or by utilizing a 
1 5 secondary antibody that is labeled or has a recognition site for a label. Additionally, the 
phage itself can be directly detectable* as described herein. 

The present invention fiirther provides a method of detecting the presence of a 
selected ceUular protein on the surface of a cell comprising conuaing with the cell a 
20 detectable virus expressing on its surface a ligand previously demonstrated to 

specifically bind the selected cellular protdn and detecting binding of the wus to the 
cell, thus detecting the presence of the selected cellular protein on the surface of the cell. 
Such detection includes that the ceil can be in vitro or in vivo. 



25 Conditions for contacting phage or virus with the selected polypeptide can be 

sdected based upon the location of the target. In general, conditions for phage-receptor 
(or other cellular protein) binding can be as described in Sparks, A.B., et al. (1995) 
Methods. En^oL 255:498-509. For example, in vitro conditions for bindmg 
standard detection reagents, such as monoclonal antibodies, to cells, or for phage- 

30 receptor binding, for binding reagents to a protein blot (e.;., Li, et al. (1992)), for 
EUSA {e,g,, Barrett, et aL (1992)), for binding a reagent to a tissue sample, can be 
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followed, with any modifications desired, particularly in light of typical conditions for 
binding phage libraries and in light of the examples provided herein. Additionally, in 
vivo conditions for contact can be detennined by conditions utilized for binding, e.g., 
monoclonal antibodies and viruses in vivo. Virus can be administered via the 
5 bloodstream, as by intravenous administration of by administering to an artery supplying 
a target organ, or by direct mjection into a target organ, by inhalation or intratracheal 
injection for delivery the hings, and conditions can be modified accordingly such as for 
administration of viruses in vivo for, e.g., gene therapy. 

10 The present invention provides a method of detecting the presence of a selected 

polypeptide in a sample comprising contacting with the sample a detectable 
bacteriophage expressing on its surface at least 10, or at least 100, or at least 400, or at 
least 800, or at least 1000 copies of a ligand for the selected polypq}tide and detecting 
binding of Uic bacteriophage to the sample, thus detecting tiic presence of the selected 

1 5 polypeptide in the sample. TypicaDy, by encoding the Ugand within the pvm coat 
protein, the ligand is expressed in high copy number. The present invention fiirther 
provides a method of detecting the presence of a selected cellular protein on the surface 
of a cell comprising contacting with the cell a detectable bacteriophage expressing on its 
surface at least 10 copies, or at least 100, or at least 400, or at least 800, or at least 

20 1 000 copies of a ligand for the selected cellular protein and detecting biiufing of the 
bacteriophage to the cefl, thus detecting the presence of the selected cellular protein on 
the sur&ce of the cell. 



The present invention fiirther provides a method of isolating a cell expressing a 
25 selected polypeptide on iu sox&cc comprising contacting with a sample of cells a vans 
expressing on its sur&ce a ligand previously demonstrated to be spedfic for the selected 
polypeptide and Isolating bound virus, thereby isolating a cell expressing the selected 
polypeptide on its surface. The cell Uwt binds the virus is isolated, for example, by a 
fluorescence activated cell sorter if the virus is labeled, either directly or indirectly, by a 
30 fluorescent moiety. For example, a cell expressing the NMDA receptor can be isolated 
by utilizing a virus or bacteriophage expressing of its surface Mag-4, 1 or Mag-4.2. 
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The present invention fbrther provides a virus, including a bacteriophage, 
comprising a label such that the labd can be directly detected. The virus can express on 
its sucfice a ligand for a selected protein. By "directly detected" is meant that the 
bacteriophage can be labeled in advance and still bind its taiget upon addition to a 
S cell/sample, etc. containing the target for direct detection via the label on the 
bacteriophage, Le,, no secondary antibody is nec^saiy. Furthermore, by "labd" is 
meant a means for visualization, such as a recognition site for direct phosphorylation, 
biotinyiation, chemical linkages, etc. engineered into the virus, or such as a directly 
casualized label requiring no chenucal reaction to detect, e.g.,^ the virus expresses a 

10 fluorescent protdn or is labeled by a radioactive moiety. Phage can be modified to 
inchide a label in advance, then bound to the phage target in a sample, and visualized to 
detect the presence and localization of the bound phage. Vtsuaiization may or may not 
require a chemical reactioa Thus, directly detected does not require interaction with a 
secondary labelled ligand, for example an antibody. An example of a fluorescent protein 

15 is the green fluorescent protein (GFP) originally isolated firom the jellyfish Aequorea 
Victoria. Another example of a fluorescent protein is the green fluorescent protein 
originally isolated firom RenUla reniforms, which demonstrated a single absorption peak 
at 498 nm and an emission peak at 509 nm. (Cubitt, et eL (1995) TIBS 20: 448-455). 
Phage expressing, for example, a peptide hormone, a toxin, or a fragment from a large 
20 protein can , for example, be used for a drug screening procedure. 



A peptide, inchiding a bacteriophage expressing the peptide, can be administered 
to a subject, including a human or an ammal model, by aiiy of many standard means for 
administering proteins to ceDs and to animal subjects. Typically, peptides can be 
25 administered orally, parenteralty (e.g., intravenously), by intramuscular injection, by 
intraperitoneal injection, topically, transdennally, or the like. Peptides can be 
administered, e.g.^ expressed on the surfiice of a bacteriophage (such as bacteriophage 
n or M13), expressed on the surface of a cell, or incorporated into a lipid composition 
such as a catiomc liposome. 



30 
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Vims or phage compositions can include various amounts of the selected vims in 
combination with a phannaceuticaily acceptable earner and, in addition, if desired, may 
include other medicinal agents, pharmaceutica! agents, carriers* adjuvants, diluents, etc. 
Parental administration, if used, is generally characterized by injection. Injectables can 
S be prepared in conventional fonns» either as liquid solutions or suspensions, solid forms 
suitable for solution or suspension in liquid prior to injection, or as emulsions, (as 
described in e.g,^ Martin, E. W. (ed.) Remington's Pharmaceutical Sciences^ latest 
edition Mack Publishing Co.» Easton, PA.). 

To obtain a peptide ligand for a ghwn protein target, a typical experimental 
paradigm involves three steps. First, phage clones carrying lead sequences are isolated 
from random peptide virus or phage Ubmits based on specific binding to the purified 
target protein. Second, according to the amino acid sequence information fi'om the lead 
peptide sequences, nmtagenised libraries can be constructed to identify homologous 
sequences with higher afiBnity. Third, based on the anuno add sequence, synthetic 
peptides can be obtained to directly test thdr a£5nity and activity in bioassays. Since the 
region or surface present in the putafive fiii^onal domain may not be acces^ble in 
native receptor, it can be particularly usefiil to be able to evaluate binding activity of 
peptides present on candidate phage clones during eariy stage of phage selection. 

As will be recognized by those skilied in the art, numerous types of 
immunoass^ are avaihd>Ie for use in the present invention to detect binding between a 
protein, such as a receptor or chaimd, and a peptide or other ligand of this mvention. 
25 For txmple. a monodonal antibody specific for the phage bearing the peptide can be 
contacted with the boimd sample followed by secondary antibody and standard imaging. 
Direct and indirect binding assays, competitive assays, sandwich assays, and the like, as 
are generally described in, e.g., U.S. Pat Nos. 4,642,285; 4,376,1 10; 4,016,043; 
3,879,262; 3,852,157; 3,850,752; 3,839.153; 3,791,932; and Hariow and Lane, 
30 Antibodies. A Laboratory Manual, Cold Spring Hart)or PubBcations, N.Y. (1988). 
Methods of producing antibodies to detect any phage utilized herein are standard in the 
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art (see. e.g. Hariow and Lane, Antibodies, A Laboratory Manual^ Cold Spring Harbor 
Publications. N.Y. (1988),;WO 93/06213). 



The examples herein show the isolation of a phage clone canying a low affinity 
5 peptide, which specifically recognizes truncated NMDA receptor ftagmcnt. By taking 
advanugc of the specific binding between the purified phage paiticles and receptor, the 
present invention provides phage-inrauraoblot, phage-inimunostain, and phage-FACS 
procedures to monitor e3q>ression of NMDA receptor protein, or any other selected 
protein (with corresponding ligands on the phage), in manunatian cells. These 
10 procedures offer a new way to help monitoring receptor protein expression. In addition 
they can facilitate molecular characterization of the specific peptide-receptor interaction. 

In order to detect an uitracelhdar target, some modifications can be made to 
improve the penetration of phage particle to reach target proteins. Such improvemrat 

1 5 can invohre, for e3calI^>le. partial disruption of phage filament to generate shorter 
truncated phage filaments which have better penetration but retain multivalent 
peptide-receptor binding. Furtiiermore, if tiie specificity of phage staining is affected by 
the potential interaction between phage coat proteins and otiier cellular proteins, a phage 
variant writii altered coat proteins tiiat have lower background bincfing can readUy be 

20 developed given ti» teachmgs heron. Phage variants can readily be tested for such 
reduced background fi>llowing the methods herda 



Statement Cowcerning UtilitY 

Monitoring receptor expression using recombinant bacteriophage witii specific 

25 peptide Bgands shaiw several advantages of other immunoassays. In particular, the 
present assays take advantage of the ensting signal amplification stratcpcs, since the 
binding of phage can, if desired, be eventually visualized by enzyme- or fluorescent dye- 
conjugated secondary antibodies that are available conmierctally. It is important, 
however, to note that there is fimdamental difference between the phage-mediatcd 

30 immunoassay and the convrational primary antibody-mediated inummoassays. 

Generally, a variable region of immunoglobulin forms a binding pocket that recognizes 
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either conformation or primary sequence of a given epitope. Because the epitope can be 
a very small and linear region of a protein, it is common to find that an immunoglobulin 
recognizes a protdn in either native or denatured conformation by binding to a small 
embedded peptide. Conversely, the phage binding described herein requires the 
S corresponding receptor in proper conformation to present the binding pocket for the 
peptide to bind. Because the confonnation of receptor binding pocket is critical for the 
peptide binding, peptide-receptor target interaction per se can have higher specificity 
than that of some antibody-receptor interaction. 



10 For peptides with interesting biological and/or therapeutic activity, it is important 

to understand their action in the molecular and mechanistic detail. One of the first steps 
to address this question is to determine the critical interacting residues on both receptor 
and peptides. Use of bacteriophage as a vehicle to cany multiple copies of receptor 
interacting peptide offers several interesting approaches for detailed molecular analysis 

1 5 of peptide-receptor interaction, which should be applicable to both an existing bioacttve 
peptide (e.g., agiotensin II) or novel lead peptides (ft^om random peptide libraries). A 
combination of phage-FACS analysts and random mutagenesis strategy (e.^., known 
strategies such as described in Rice et al., 1992) on the target receptor can oflFer a 
powerfiil approach to select interactmg nmtatcd receptors, which can lead to 

20 determination of interacting residues that mediate the phage-receptor interaction. 

The present invention is more particularly described in the following examples 
which are intended as illustrative only since numerous modifications and variations 
therein will be apparent to those skilled in the art. 

2S 

EXAMPLES 



Taking advantage of high avidity resulting fi-om the herein demonstrated specific 
multivalent interaction between receptor target and recombinant bacteriophage, the 
examples of the present invention show that a phage clone (Mag-4. 1) interacting with 
the NH2-tenninal domain of NMDARl receptor can be used to monitor the receptor 
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expression. In the assays beiow, Mag-4. 1 phage was used as a detecting reagent 
comparable to primary antibodies in immunoassays. As demonstrated in the assays 
described below, receptor protein can be detected on solid substrates, e.^., on 
nitrocettulose filters or on transfected mammalian cells. These assays offer opportunities 
to monitor receptor expression and access binding property profiles of selected peptides 
prior to more involved affinity maturatioa 



Isolation of the specific peptide ligud for NMDA receptor. To obtain the 
purified '^target" protein for isolating specific peptide ligands, the putative 

10 amino-terminal domain of NRl (N-NRK a.a 1-S6I) was cloned and stably expressed in 
Chinese Hamster Ovary (CHO) cdls as a fiision protein, in which the carboxyt-terminal 
portion contains an epitope tag for monoclonal antibody (mAb8610) (Whitehom et al., 
1 995). Prior to panning, the N-NRl protein was treated with endo-F to remove the 
glycosylation and the resultant protein preparation was used as a target protein. A 

1 5 phage library with nine random ammo peptides was constructed by inserting random 
oligonucleotides in fi^e and amino-terminal to the pVm gene of bacteriophage fl 
which encodes the major coat protein. 



Using N-NRl as a target protein, Mag-4 phage clone was identified fi^om the 
20 random peptide libraiy. After five consecutive rounds of selection and lunplification, 
clones that specifically bind N-NRl fiision protein were identified by testing the binding 
of individual phage clone to the immobilized N-NRl (phage ELISA) (Barrett et al., 
1992 ). Two sequence related phage clones were identified with the deduced sequences 
of LNDWFITYI (Mag.4.1) (SEQ ID NO:2) and LEAWFLQYI (Mag-4.2) (SEQ ID 
25 N0:3). To fiirther test the spedfidty of phage ELISA experiments, the phage clone of 
Mag-4. 1 was selected and used to test binding to both NH2-terminaI domain of NR2A 
(N-NR2A, a.a. 1-S27), an accessory subunit that coassembles with NRI in vivo 
(Nakanishi, 1992). and NH2-terminal domain of GhiRl (N-GluRl, a.a. 1-43 1), a 
non-NMDA receptor with amino acid sequence homology to NRl (HoUmann et al., 
30 1989). Figure IB shows that Mag-4. 1 phage binds to N-NRl, but it foils to bind NR2A 
or N-GluRl . This binding is specific since in the presence of 500 mM of synthetic 
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Mag-4.1 peptide the binding of Mag-4.1 to N-hfRl was completely inhibited (Figure 
IQ. 

Detection of N-NR protein by phage-overlay* Monovalent M8g-4.1 peptide 
5 has low affinity (Figure IC). However, under the conditions of our experiments there 
are more than 100 copies of Mag-4. 1 peptide fiised with pVHI coat protein per phage 
particle. Thus phage particle could have high apparent affinity (avidity) due to 
multivalent interaction between peptide fusion protein and N-NRI. To test whether this 
avidity of phage-receptor interaction is sufficient for mediating specific detection, we 

10 performed "pbage-overlay** assay similar to protein overlay procedure (Li et al., 1992). 
This binding analysis involves immobilization of target protein on nitrocellulose filter 
membrane with after separation by SDS-poIyacrylamide gel electrophoresis. Figure 2A 
shows a 5: 1 mixture N-NR2A and N-NRl fusion protdn was separated by SDS*PAGE, 
transferred onto a nitrocellulose filter, and detected by tmmunoblot uang the 

15 monoclonal antibody 8610 (mAb8610) (Figure 2» left panel). To detect NRl protein 
by Mag-4. 1 phage, the immobilized protdins nitrocellulose filter were subjected to 
denaturation -renaturation procedure using guanidine-HCl (Li et al., 1992). The 
resultant filter was incubated with Mag-4. 1 phage and phage binding were visualized 
using anti*phage antibody. Fignre 2 (right panel) shows that Mag-4. 1 phage 

20 spedfically recognizes N-NRl protein but not N-NR2A. In addition, the specific 
binding can be detected by using as little as 20 ng (about 109 tu/ml (equivalent 10*12 
M)) of N^NRl protein per lane (Figure If right paneU lane 2). 

Detection of N-NR] protein by pbage-immnnostain. Specific detection of 
25 N-NRI by Mag-4. 1 phage (Figure 1 and 2) suggests that phage may also be used in 
way simibu* to a primary antibody in other immunoassays. We possess two stable 
Chinese hamster ovary (CHO) cell lines that express N-NRI on cell surface via GPI 
anchor (Caras and Weddell, 1989; Whitehom et al., 1995). These two cell lines have 
estimated 10^ (low) and lO'Ough) copies of N-NRI per cell. To test whether phage 
30 particle coated with specific peptide ligands can be used for immunohistochemistry 
detection, we incubated Mag-4. 1 phage with a 1 :1 mixture of the two CHO N-NRl cell 
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lines in the presence (Figure 3A) or absence (Figure 3B) of SOO mM Mag-4. 1 synthetic 
peptide. The binding phage particles to cell surface was visualized by anti-pbage 
antibody followed by chromogenic deteaion (described herein). Figure 3A shows the 
phage staining on cells expressing N-NRL The two distinctive staining intensity 
S presumably represents the high and low density of receptor present on the two cell lines. 
This staining signal was completely inhibited when the phage binding was carried out in 
the presence of SOO mM Mag-4. 1 peptide (Figure 3B), suggesting that stain is specific 
to N-NRl. 



1 0 Detection of N-NRl proteia by phage-FACS. To test whether the 

phage-receptor interaction can be used for fluorescence staining, it is important to 
access the signal to noise ratio. A double staining experiment was carried out using a 
ceil nuxture containing both wildtype CHO cells and CHO cells stably expressing 
N-NRI . This mbcture of cells was stained by mAb8610 (Texas red) and phage 

1 5 (fluorescein, green). Figure 4 shows a single view of CHO cells visualized by Nomaskt 
(Figure 4A), mAb8610-Texas red (Figure 4B), and phage-fluorecetn (Figure 4Q. 
Indeed, both niAb8610 and Mag-4. 1 phage stained the same subset of cells which 
express N-NRl . 



20 To obtain a more quantitative accessment of phage stain, fluorescence activated 

cell sorting (FACS) was used to detect the phage binding. Figure S shows phage 
staining on four cdl preparations: wild type CHO cells (Figure 5A), CHO cdls 
expressing lower N-NRl receptor per ceD (Figure 5BX cells expressing higher N-NRl 
receptor per cdl (Figure 5C), and a 1:1 mbcture of them (Figure 5D). Wild type CHO 

25 ceOa gave rise to badcground signal in Mag-4. 1 phage stain (Figure 5A). This signal is 
simthr to the signal obtained by staining the cells with secondary antibody alone. When 
CHO cells with low density of N-NRl protein were incubated with Mag-4. 1 phage, 
elevated fluorescence signal was detected (Figure 5B). This signal is specific as it can 
be completely inhibited by the synthetic Mag-4. 1 peptide (Figure 5C). When a 1 : 1 

30 nuxture of CHO cells expressing low and high N-NRI receptor was subjected to the 
same staming procedure, the two populations of cells were dearly separated as they 
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have different fluorescence intensity (Figure 5D). Similarly, the staining signal is 
sensitive to Mag-4. 1 peptide (Figure S£). Together, these results show that it is 
feasible to use the phage-mediated fluorescence stain to detect the expression of cell 
surface receptor. 



Dectection of intact NMDAR in ceil culture. N-NRl respresents a truncated 
form of NRl, ^ essential subimit of a pentameric NMDA receptor channel in the brain. 
To directly test whether Mag-4. 1 phage could direaly interact with an intact receptor 
complex, we phage-stained on HEI^ cells that transiently express NRl and NR2A 

10 NMDA recqnor subunits. Heteromeric assembly of NRl and NR2A in HEK cells 
produces fimctional NMDA receptor channels with kinetic and pharmacological 
properties similar to what we have seen in native preparation. When experiments 
identical to Figure 3 were performed on this preparation, specific Mag^. 1 phage 
binding signals were observed (Figure 5A and 5B). This staining is specific since only 

IS a sub-population of cells were stained. The ratio of stained vs unstained cells is identical 
to that obtained by p-galactosidase stain. In addition, in the presence of 500 mM of 
synthetic Mag-4.1 peptide the signal was completely inhibited. 

Additional NMDA receptor (NRl) ligands (Mag peptides) isolated. The 

following Mag peptides were isolated, in additiona to the Mag^ pq>tides, by the herein 
described procedure for isolating specific peptide ligands, and sequence deduced: 

Peptide Amino acid sequence SEP TO NO 

Mag-2 WDPAVFRGCM 5 



5 



Mag-3 



LGSGGVQRVH 



6 



Mag*5 
Mag*6 
Mag-7 



MTRATPGMVF 



7 



TNLRRGFWnL 



8 



FSMDAWFLQYL 



9 



Native NMDA receptors are likely to be pentameric complexes consisting of 
NRl and other subunits such as NR2A. Udng the putative agonist bincting domain of 
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NRl subunit, novel peptides with modulatory activity on native NMD A receptor have 
been identified. Despite the purified N-NRl receptor not being in pcntamer form, it is 
dear that some of important structural features of NRl are retained in the fiision 
protein. Additional rounds of binding using the reported approach coupled with native 
5 receptor can be perfonned to result in peptides with potentially even higher modulatoiy 
activity. 



Methods for labeling phage 



10 Bacteriophage can be modified in one or a combination of following ways to improve 
the detection: 

( 1 ) phage coat protetn (pBl or p Vm) can be engineered to cany recognition 
sites to permit direct phosphorylation, biotinylation, chemical linkages, etc. to produce 
phage for convenient deteaion. 
1 5 (2) phage coat protein (pUl or pVIII) can be linked to known proteins with 

special properties, e.g., fluorescence protein gene (c.g., green fluorescence protein) and 
to fiirm a fluorescence phage variant. Such modifications would allow direct detection 
and enhance phage purification. 

(3) phage can be prepared in medium containing radioactive precursors. Thus, 
20 the resultant phage will be radioactive. 



In addition, one can engineer the phage coat to protein with specific properties 
whidi reduce the non-specific interactions between phage coat proteins and cells. Such 
phage variants should be a prefinble generic vehicle for all phage staining experiments. 

25 



Protocob 

Expression of the NH2*teniiiiud domains of NMDA receptor. Coding sequence for 

N-NRl (a.a. 1-561), N-NR2A (a.a. 1-527), N-NRl.spl (a-a. 1- 584). and N-GluRl (a.a. 
30 1-43 1) were obtained by PCR amplification , cloned into cukaryotic cell expression 
vector driven by the SRa promoter, and confirmed by DNA sequencing. It was then 
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fused in frame to a nucleotide fragment coding for "AAACLEPYTACDLA 
PPAGTTDAAHPGRS WPALL PLLAGTLLLLETATAP" (SEQ ID NO: I), where the 
underlined fragment representing the tag for the monoclonal antibody 8610 (mAb8610) 
and remaining portion is a GPI anchor signal sequence (Caras and Weddell, 1989; 
S Whitehom et at., 1995). The stable transfectants were identified after 2-4 weeks of 
G418 selection (1 mg/ml ). Clones with higher expression were isolated based on the 
fluorescence intensity and isolated using a FACS-STAR plus (Becton Dickinson). 
Imnmnohistochemical detection was carried out using mAb8610 (0.5 mg/ml) followed 
by 15 mg/ml of secondary antibody (Vector Labs). Imaging was performed using DAB 
10 based chromatogen according to the protocol provided by the numufacturer. 



Peptide Library Comtmtlion. The filamentous phage pVm gene was chemically 
synthesized using four overlapping oligonucleotides. This was inserted mto the Nhel 
and Hindm sites of the phagemid vector pBAD, which places the expression of the 
15 pVm gene under the control of the araB promoter. A cloning site consisting of two 
non-complementary BstXI sites was included at the 5* end of gene Vm, and this site 
was used to clone collections of degenerate oligonucleotides for random nine residues 
(X9 ) using the half*atte strate^ as previously described (Cwirla et al.» 1990). The 
resultant library has a complexity of 1.2 X 10'^ 

20 

Phage stiection. Six wells of a 96-weU plate were precoated with mAb8610 (5 mg/well) 
at 37*C for one hour» blocked with 1% BSA for 30 minutea at 37**C. The N-NRl 
fusion prote'm was first rdeased by PIPLC digest after extennve washes of ceils that 
express N-NRl. The released N-NRl protein in the MEM medium was first treated by 

25 endo-F (I unit per 10 mg protdn) for overnight at 37*C. The treated preparation was 
a£Snity-purified by niAb8610 capture on the plates (1 mg of N-NRl per weU) at 22 *C 
for one hour. The phage binding was carried out by incubating whh a total of 10" tu 
(transducing units) of a ^ library with a complexity of 1.2 x 10'^ recombinants. The 
binding buffer contains 10 mM Tris-HCl (pH 8. 1), 100 mM NaCI and 1 mM EDTA for 

30 3 hours at Unbound material was removed with three washes of the binding 
buffer. The bound phagemid particles were recovered by adding 100 ml of 0. 1 M 
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glycine-HCI (pH 2.2). After 10 minutes elution at room temperature, the elutes were 
immediately neutralized by mixing with equal volume of 0. 1 M Trisbase (pH 9.2). The 
recovered phagemids were amplified in bacteria, and resultant phage preparations were 
used for the following round of purification. 

5 

After five consecutive rounds of selection, the ELIS A tests were performed 
using the supernatant of overnight cuhures in the presence of 100 mM Hepes-NaOH 
(pH7 J) and 100 mM NaCl. The weUs were coated with receptors according to the 
procedure described above. The bound phage particles were first detected by using 
10 rabbit anti-phage antibody (1: 10,000) followed by alkaline phosphatase (AP) 

-conjugated secondary antibody (1 : 5,000, Sigma). After washuig the wells with the 
binding buffer, 100 ml of devdoping solution contaiiung 1 mg/ml pNPP (Sigma, MO) in 
10 mM diethanolamine^HCI (pH 9.7) was added. The alkaline phosphatase activity was 
monitored at the wavelength of 408 nm using a microtiter plate reader. 

IS 

Phage purification. The bacteria in culture medium containing phage was removed by 
centrifiigation at 5,000 x g for 30 minutes. To precipitate the phage in the resultant 
supernatant, 0.2 volumes of 20% polyethyteneglycol 8000/2.5 M NaCl were added. 
After one hotu* incubation on ice, the precipitated phage was collected by centrifiigation 
20 at 12,000 X g for 30 minutes. The phagt pellet was resuspended in UIO of starting 
culture volume and dialyzed overnight against PBS using dialysis membrane with 13 
kDa cut-off. The resultant phage prq)aration was titered. 

Immnnoblot Proteins were separated by SDS-PAGE and transferred onto a 
25 nitrocellulose membrane. The nonspecific binding to the membrane was blocked by 
PBS sohition supplemented with 0. 1% Tween20, 2% dehydrated milk, and 3% normal 
goat scrum (ICN) for 30 minutes at room temperature. The primary antibodies used 
were the afiSnity purified monoclonal antibody 12CA5 (1 :5000). The unbound material 
was removed by three washes with PBS solution supplemented with 0.1% Tween20. 
30 The bmding of primary antibody was detected by adding corresponding 

peroxidase(HRP)-conjugated secondary antibody (I :S,000) followed by Enhanced 



wo 97/44491 

21 

ChemiLuminesceiice (ECL, Amershain) detection. 
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PhageHtveriay detection. Protein lysates containing the NH2-tenninal domains of 
glutamate receptors were fiactionated by SDS-PAGE and transferred onto a 
5 nitrocellulose filter. The foUowing steps were performed at 4 C. The filter containing 
immobilized protons was first rinsed in Buffer A (10 njM Hepes-KOH, pH 7.5; 60 mM 
KCl; 1 mM EDTA, 1 mM 2-mercaptoethanol) for five minutes. It was then exposed for 
10 minutes each to Buffer A supplemented with 6M guanidine-HQ at following 
concentrations: 6M, 3M, 1.5M, 0.75M. 0.38M, 0. 19M, 0. IM. OM. The filter was then 
10 mcubated for 60 mtmites in Buffer A supplemented with 5% of carnation dry milk and 
0.05% NP-40. After this incubation, the filter was transfisred to the same buffer except 
1% carnation added. The phage bnufing reaction was initiated by first adding the same 
buffer containing Mag-1 phage with a titer 10" tu/ml. After a 12 hour incubation, the 
unbound phage was removed by three 15 minute wash in Buffer A. The bound phage 
15 was detected by adding rabbit anti-phage antibody (1:5,000 dilution) in the same buffer 
supplemented with 1% normal goat serum and incubating for 1 hour. After three 
washes to remove unbound immunoglobulin, the HRP-conjugated goat anti-rabbit 
(Sigma. 1 :5,000 dihition) was added to amplify the signals. RnaUy, the phage binding 
was detected by ECL using a procedure identical to that described in the section of 
20 Immunoblot. 



lin and FhioreKence Activated CeU Sorting (FACS). The cells were 
grown on cover glass coated with 1% gebuin. Prior to addition of immunoglobulin, the 
cells were first washed three times with cold PBS and fixed with 2% paraformaldehyde 
25 (PFA) overnight After washuig the ceHs with cold PBS. the fixed cells were incubated 
with mAb8610 (1 mg /ml) at room temperature for 1 hour. The bmding of mAb8610 
was detected by incubating with anti-mouse conjugated with Texaa-red (15 mg per ml) 1 
hour at 4C. The immunostain was visualized by a Nikon Optiphot-2 fluorescent 
microscope and images were coUected/di^talized using a computer. Cytometry of 
30 stained cells were analyzed on either FACScan or FACStar Plus Sorter 

(Becton-Dtckinson. San Jose. CA). An Argon laser is used and tuned at 488 nm. The 
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green fluorescence was recorded in the FL I emission channel. 

Ph«ge*immunostain and Phage-FACS detection. The purified phage preparation 
was used to stain live cells. For inununostain the cells were washed three times with 
5 cold PBS. Phage binding were initiated by incubating with the cells with purified phage 
(10*° tu per ml) on ice for 1 hour After incubation* the unbound phage was removed by 
three washes of cold PBS supplemented with 1 % bovine serum albumin (BSA). the 
fixation was carried out using 2% PFA overnight at 4C. The phage-btnding was 
detected first by rabbit anti-phage antibody (1:10,000 dihition) followed by Fluorescein 
10 labeled anti-rabbit antibody (10 mg/mi. Vector Lab, CA). The fluorescence labeled cells 
were visualized under a fluorescence microscope. For Phage-FACS» the cell preparation 
procedures were identical except the cells were first dislodged firom the dishes by 
incubating with PBS supplemented with S mM EDTA. 

15 
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SBQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Li, Min 

(ii) TITLE OF INVENTION: METHODS OF DETECTION UTILIZING MODIFIED 
BACTERIOPHAGE 

(ill) NUMBER OF SEQUENCES: 9 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Needle & Rosenberg, P.C. 

(B> STREET: Suite 1200, 127 Peachtree Street 

(C) CITY: Atlanta 

(D) STATE: 6A 

(E) COUNTRY: US*A 

(F) ZIP: 30303 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1.0, Version #1.30 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION; 

(Viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Selby, Elizabeth 

(B) REGISTRATION NUMBER: 38,298 

(C) REFERENCE/DOCKET NUMBER: 10000*0002 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 404-688-0770 

(B) TELEFAX: 404-688-9880 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Ala Ala Ala cys Leu Glu Pro Tyr Thr Ala Cys Asp Leu Ala Pro Pro 

Ala Gly Thr Thr Asp Ala Ala His Pro Gly Arg Ser Val Val Pro Ala 

20 25 30 
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Leu Lau Pro Leu Leu Ala Gly thx Leu Leu Leu Leu Glu Thr AXa Thr 
35 40 45 

Ala Pro 
50 

(2) IKFORMATION FOR SEQ ZD NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

<C) STRANDEDNESS : not relevant 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(Xi) SEQUENCE DESCRIPTIC»I: SEQ ID NO: 2: 

Leu Aan Asp Trp Phe lie Thr Tyr IXe 
1 5 

(2) INFORHATION FOR SEQ ID NO: 3: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Leu Glu Ala Trp Phe Leu Gin Tyr He 
1 5 

(2) INFORMATION FOR SEQ ID NO: 4: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: peptide 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Gly Gly Gly Leu Aan Asp Trp Phe He Thr Tyr He Gly Gly Gly 
15 10 15 

(2) INFORMATION FOR SEQ ID N0:5: 

(1) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 10 amino aclda 

(B) TYPE: amino acid 

(C) STRANDEDNESS : not relevant 
(D> TOPOLOGY: linear 

(11) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Trp Asp Pro Ala Val Phe Arg Gly Cya Met 
15 10 

(2) INFORMATION FOR SEQ ID NO: 6: 
» (1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Leu Gly Ser Gly Gly Val Gin Arg Val Hla 
15 10 

(2) INFORMATION FOR SEQ ID N0:7: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: peptide 



(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Met Thr Arg Ala Thr Pro Gly Met Val Phe 
15 10 

(2) INFORMATION FOR SEQ ID NO: 8: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acida 

(B) TYPE: amino acid 

(C) STRANDEDNESS: not relevant 
(D> TOPOLOGY: linear 



(11) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID MO: 8; 

Thr Asn Leu Arg Arg Gly Phe Trp lie lie Leu 
15 10 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

(C) 5TRANDEDNESS: not relevant 
(Dl TOPOLOGY: linear 

(il) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Phe Ser Met Asp Ala Trp Phe Leu Gin Tyr Leu 
15 10 
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What is claimed Is: 

1 . A method of detecting the presence of a polypeptide in a sample comprising 
contacting with the sample a detectable virus expressing on its sur&ce a ligand 
for the polypeptide and detecting binding of the virus to the sample, thus 
detecting the presence of the polypeptide in the sample. 

2. The method of claim U wherein the virus is a bacteriophage. 

3. The method of claim 1, wherein the protein is a cellular protein. 

4. The method of claim 1* wherdn the sample is a clinical sample. 

5. A method of detecting the presence of a selected polypeptide in a sample 
comprising contacting with the sample a detectable vims expressing on its 
sur&ce a ligand previously demonstrated to specifically bind the selected 
polypeptide and detecting binding of the virus to the sample, thus detecting the 
presence of the sdected polypeptide in the sample. 

6. The method of claim 5, wherein the virus is a bacteriophage. 

7. The method of claim S, wherein the protein is a cellular protein. 

8. The method of claim 5, wherein the sample is a clinical sample. 

9. A method of detecting the presence of a sdected cellular protein on the surface 
of a cell comprising contacting with the cell a detectable virus expressing on its 
surface a ligand previously demonstrated to specifically bind the selected cellular 
protein and detecting binding of the virus to the cell, thus detecting the presence 
of the selected cellular protein on the surface of the cell. 



10. The method of daim 9, wherdn the virus is a bacteriophage. 



wo 97/44491 



34 



PCT/US97/08563 



1 1 . The method of claim 9, wherein the sample is a clinical sample. 

1 2. The method of claim 9. wherein the cellular protein is a receptor or channel 
protein. 

13. The method of claim 9, wherem the cellular protein is N-metfayl D-aspartate 
receptor 

14. The method of claim 9, wherein the cdls are in culture. 

15. The method of daim 9, wherein the cells are in vivo, 

16. The method of claim 9, wherein the ligand expressed on the suffice of the vims 
is selected from the group consisting of the peptide whose amino acid sequence 
is set forth as SEQ ID NO:2 and the peptide whose amino acid sequence is set 
forth as SEQ ID NO:3. 

17. A method of detecting the presence of a selected polypeptide in a sample 
comprising contacting with the sample a detectable bacteriophage expressing on 
its surface at least 10 copies of a ligand for the selected polypeptide and 
detecting binding of the bacteriophage to the sample, thus detecting the presence 
of the selected polypeptide in the sample. 

18. The method of claim 17, wherdn the bacteriophage expresses on its surface at 
least 100 copies of the ligand. 

19. The method of claim 17» wherein the bacteriophage expresses on its surface at 
least 400 copies of the ligand. 

20. The method of claim 17. wherein the protein is a cellular protein. 
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2 1 . The method of claim 1 7, wherein the sample is a clinical sample. 

22. A method of detecting the presence of a selected cellular protein on the surface 
of a cell comprising contacting with the cell a detectable bacteriophage 
expressing on its surface at least 10 copies of a ligand for the selected cellular 
protein and detecting binding of the bacteriophage to the cell, thus detecting the 
presence of the selected cellular protein on the surface of the cell. 

23. The method of claim 22^ wherein the bacteriophage expresses on its surface at 
least 100 copies of the ligand. 

24. The method of clabn 22, wherein the bacteriophage expresses on its sur&ce at 
least 400 copies of the ligand. 

25. The method of claim 22, wherein the sample is a clinical sample. 

26. The method of claim 22, wherein the cellular protein is a receptor or channel 
protein. 

27. The method of claim 22, wherein the celhilar protein is N-methyl D-aspartate 
receptor. 

28. The method of claim 22. wherein the cells are in culture. 

29. The method of claim 22, wherein the cdls are in vivo, 

30. The method of daim 22, wherdn the ligand expressed on the surface of the 
bacteriophage is selected from the group consisting of the peptide whose anuno 
acid sequence is set forth as SEQ ID N0:2 and the peptide whose amino add 
sequence is set forth as SEQ ID NO:3. 
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31. A method of isolating a cell expressing a selected polypeptide on its surface 
comprising contacting with a sample of cells a virus expressing on its surface a 
Itgand previously demonstrated to be specific for the selected polypeptide and 
isolating bound vims, thereby isolating a cell expressing the selected polypeptide 
on its sur&ce. 

32. A method of isolating a cell expressing a selected polypeptide on its sur£u:e 
comprising contacting with a sample of cells a bacteriophage expressing on its 
surface a ligand previously demonstrated to be specific for the selected 
polypeptide and isolating bound bacteriophage, thereby isolating a cdl 
expressing the selected polypeptide on its surface. 

33. The method of claim 32» wherein the cell that binds the bacteriophage is isoUted 
by a fluorescence activated cell sorter 

34. The method of claun 32, wherdn the selected protein is N-methyl D-aspartate 
receptor and the ligand is a peptide selected from the group consisting of the 
peptide whose amino add sequence is set forth as SEQ ID NO:2 and the peptide 
whose amino add sequence is set fisrth as SEQ ID NO:3. 

35. The method of claim 32, wherein the bacteriophage expresses on its surface at 
least 10 copies of the ligand. 

36. The method of chum 32, wherdn the bacteriophage expresses on its surface at 
least 100 copies of the ligand. 

37. The method of claim 32, wherein the bacteriophage expresses on its surface at 
least 400 copies of the ligand. 

38. A bacteriophage comprising a labd such that the labd can be directly detected. 
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39- The bacteriophage of claim 38, wherein the bacteriophage further comprises on 
the surface of the phage a ligand for a selected protein. 

40. The bacteriophage of claim 38, wherein the label is a phosphorylation 
recognition site encoded by the phage and expressed on the surface of the phage. 

4 1 . The bacteriophage of claim 38, wherein the label is a biotinylation recognition 
site encoded by the phage and expressed on the surface of the phage, 

42. The bacteriophage of claim 38, wh^ein the labd is a chemical linkage site 
encoded by the phage and expressed on the surface of the phage. 

43. The bacteriophage of daim 38, wherein the label is a fluorescent protem encoded 
by the phage and expressed on the surface of the phage. 

44. The bacteriophage of claim 38, wherein the label is a radioactive moiety. 
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